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SciBooNE (FNAL E954 ) Motivation

* Precise measurements of neutrino- and
antineutrino-nucleus cross sectionsnear 1 GeV @—m—m ;

- Essential for future neutrino oscillation g T2K
experiments (T2K) @
- Few measurement in region, all low 2’
statistics 5
Ns -] SciBooNE
- Neutrino energy spectrum measurements and E . K2K
flavor measurement S °
C :
- MiniBooNE/SciBooNE joint v, X . .
disappearance r 1 2
- V. constraint for MiniBooNE Ev (GeV)
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SciBooNE Collaboration

A selection of SciBooNE collaborators at the last

collaboration meetin g. March 2008 = Universitat Autonoma de Barcelona
# University of Cincinnati

# University of Colorado
# Columbia University
# Fermi National Accelerator Laboratory

= High Energy Accelerator Research
Organization (KEK)

# Imperial College London*

# Indiana University

# Institute for Cosmic Ray Research
# Kyoto University*

# Los Alamos National Laboratory
# Louisiana State University

# Purdue University Calumet

# Universita degli Studi di Roma
and INFN-Roma

# Saint Mary’s University of Minnesota

# Tokyo Institute of Technology
+ Universidad de Valencia

~70 physicists from 5 countries

NOWOS in Italy, Sep,9.2008



Booster Proton accelerator
- 8 GeV protons sent to target

Target Hall

- Beryllium target: 71cm long 1cm diameter

- Resultant mesons focused with magnetic

. _ horn
To MiniBooNE e | : - Reversible horn polarity

SciBooNE ' 50m decay volume

- Mesons decay to p& v,

— Short decay pipe minimises p-v_decay

.I/ .

o~ m : '-..0 y :

s

SciBooNE located 50m from Absorber

Booster

Magnetic
focusing horn




SciBooNE detector

. Muon Range Detector
SciBar (MRD)
- 14,336 scintillator
bars (15 tons) » 12 2”-thick steel

- detect all charged
particles

- p/Tseparation
using dE/dx

+ scintillator planes

- measure muon
momentum with range
up to 1.2 GeV/c

Electron Catcher (EC)

- spaghetti calorimeter
/ . 2 planes (11 X,)
AN - identify T® and v,
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FProtons on target (X1E19)

Data taking

Protons on target

[ — Delivered
BT For analysis
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Jun.07 Aug.08

- started in June 2007
+ 95.5% data efficiency

Neutrino data  : 0.99 x10%° POT
completed!

*Antineutrino data: 1.53 x10?° POT
completed!

Total : 2.52x10%°
<—> Proposal : 2.00x10%°

Preliminary result from full neutrino data set are presented
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Neutral Current 1 Production

Neutral Current T ( NC1T)

NCT? is the main background of the
search for v tov oscillation

e gamma mimics electron from v_

g4k | TK .
- w b H} Ve EVEnts E
The v, signal : electron The background from NCT1t : = | } (sin® 26,=0.1) ]
One y from 10, miss anothery 3 20 }[ ]l .
Vv Vv =10 gl |
© H ! “'i- | B
Ev™ (GeV)
— Signal: CC-QE (v+n—e+p)

— Background

\- Beam v,

¢ NC-1n®



NCT signal and background
Signal 'e; ;; 2y from T

e 2 tracks in Fiducial Volume
““““““ e Disconnected

— Wy, » v * Both tracks are not ,p

Background p, p common vertex or outside from detector(external)

p

Internal B.G. : v int. in SciBar External B.G : from outside
|
CCQE by SciB
ex. : ciBar
f | %Wall /
! | ..
|
|

)



Event Selection

NCt’ Candidate Event Selection

0.Pre-Selection

*At least two tracks (2Y)
ewithout 1* layer hits (reject dirt )
* Tracks Stopped in SciBar (reject 1 )

| SciBar i T MRD 3 Wi 1. Using the track information
vV, W » Reject p using the dE/dX
B || TR RO * Reject W using the decay e
' ' 2. Using the event topology

‘ M H MM B K Disconnection between 2 tracks
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Proton rejection using dE/dx

Proton have larger energy deposit
than any other particle

Construct "Muon Confidence Level"
to separate proton from other particle

Dot : data

| mfid|_stoppedsignal_long_mc | mucl_stoppedsignal_long_mc |
1&“;— . ] e —p Non-profon Dirt

p

EMShower

_ B External
MuCL Internal

85% of all
protons here

Non-proton-like : MuCL > 0.03
Events are required to have at least 2 non-proton-like tracks !



Muon rejection with the decay election

There are muons stopping in SciBar

These muons can be removed using the decay electron

Time difference btw track edges M B decay e
tdiffmax_twogammasignal_mc DOt . data
TimeA T(W >
: Decay e
TimeB H Y5

At = (The latest) TimeB - TimeA

Most “no decay” events is in the

region < 100 ns (first bin)
— Reject “> 100 ns "

At(ns)  Reject 66 % of decay-e events

Internal o
Il External Keep 95 % of no decay-e events



The disconnection between tracks

The distance between tracks (after all To get 2y from T and remove CC
events selection) events

Threshold = 6cm

Minimum 2D-distance between track edges

A

| p’o]_dis ance_ncsignal _mc I

’:

& Dot : data

accepted rejected

CCwtl
NC w/o 10

Reject 31 7% of CC events
Keep 92 % of 1 events (NC)

Internal 13
B External



TC reconstruction at final sample

Reconstructed Mass Dot : data : :
T —— * Reconstructing mass using 2
. N T‘OT[O tracks in SciBar after all event
i e selection
120~ CCwrl
o Clear T mass peak !

80 m ~850 events selected

[nternal ~460 TU events (NC)

External

SciBar can

|||||||||||||||||||||||T||_|_|_| | o I |
% 50 100 150 200 250 300 350 400 450 500

NS reconstruct 10 Il

- Cross section measurement
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CC-coherent T measurement

Vertex activity

CC-coherent Tt production . |
OW €nergy pI'OtOI'l 1S

V+C > P+C+TT identified as a large "
%Av ‘No proton energy deposit around -

the vertex
\Y \ -Small Q2
TTU

d

A\~ |
150 — Entrles 1354

CC-resonant Tt production __+ CC-coherent Tt

wE

* V+N =2 U+N+TT

':'o_ - 10 20 %—:—H:::_-
v 6 Energy deposit (MeV) 15

TU

i .{\(J\(' |

Wt
vn->UnTt D (.g
- Vp2UpTt




Final CC-coherent i sample

150/ Y Entries 425 * Systematic error on
s ULE no! N
- ?Waﬁ v CC coherent background estimation
> P 2, CC resonantx is not included yet
O, 100 -

E E anti-v
o . v NC
% cof B= v cC other Observed CC-coherent nt
£ — N B2 ccae samplfz in SciBooNE
D B contains fewer events
(e e et than our MC simulation,
Reconstructed Q? (GeV/c)? which is based on the
~C-col t o Rein&Sehgal model
Efficiency 13%
Purity 40% see K.Hiraide's ICHEPQS8 talk

http://www-sciboone.fnal.gov/documents/talks/talks.html




Summary

¥ SciBooNE measures neutrino and

antineutrino cross sections near 1 GeV

¥ Data taking already was completed

¥ NC 1° measurement

— SciBar can reconstruct 1@

— Next : cross section measurement
¥ Results will come soon

- Many other analyses (CC11, CCqE
CC1® NCelastic,
V, disappearance, v, rate ) are on-going

— Antlneutrlno measurements
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Neutrino Spectrum Measurement

Using Charged Current Events

/SciBar'-MRD matched event (~30k events)\

CC =C
SciBan|| MRD SciBan/| MRD
—’/
\ / muomn
f\\
MRD stopped event (~22k events)
\\ muon (muogpcontalned(m MRD) /

96 % pure Charged Current inclusive sample

The number of SciBar-MRD matched event is used for
normalizing MC NOWO8 in Italy, Sep,9.2008



Neutrino Spectrum Measurement

Muon Kinematics of the MRD stopped sample y nqkqjima

Reconstructed Pu

¢_ [ other
= = v NC

f=== v CCQE

Entries 21667

=+ CC other
v CC coherant =
v CC resonance nx

0.2

Pu (GeV/c)

Reconstructed 0

Entries 21667
% f’:? o(Pu)~50MeV/c
o B s o(Op)~0.9degree
600 v CC resonance x MA:1'1 GeV/C2
400 f== v COQE
200

Reconstructed neutrino energy assuming
Charged Current Quasi Elastic scattering

2000;_ .Q.o._o_ Entries 21667 |
IgNE 2 Jotner
1600f- o2
1400 5 —
1200 ;— = - 0 v CC othar
1000~ . \ {\ v CC coherent x
800~ (g\ v CC resanance x
600 B -+
400
200

00 0.5 1 15 ] 12_'-‘5 |

N 8 in Ital 9.2008
EV rec (Ge taly, Sep,9.200

Ou (degree)

MC is normalized to
SciBar-MRD matched sample

Fit PY, O distribution
to get neutrino spectrum
for v, disappearance

Result will come soon



Track Multiplicity

Track Multiplicity after selection

%00 Dot : data

CCwTl
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Pi0 Mass (Detail)

Only one pair in a events

|rec_pi0mass_mc_z| NC W Tlo
NC w/o 10
120 CCw
100[
8of
“
“F Dot : data
201
Bl L e o : =
00 50 100 150 200 250 300 350 400 450 500
MeV/c2

choose a pair with minimum |zx-zy|

zx,zy: the z position of the intersection of
extrapolated tracks for each view

Xview yview
z: beam direction

y: vertical (to sky)
x: horizontal

| rec_pidmass _mc_z |

“Ctwo pair in a events (used

IIIIIIII|IIIII 111 1 I'l‘—‘—‘l
50 100 150 200 250 300 350 400 450 500

| rec_pidmass_mc_z |

two pgir 1n a events (not us
ne)

i 1 111 III|
00 50 100 150 200 250 300 350 400 450 500 Me

one)

MeV/c2

ed

22

V/c2



10 Kinematices

NC w 1
|rec_p|nmom_mc_z NC W/O T[O
140
1001
2 Cosmic
: Dot : data
800 1000

Momentum(MeV/c)

| rec_pi0angle_mc_z |

80—

70

-
o
302—

20—

10F

||||I||||||||||||||| L1 1
% 20 a0 60 80 100 120 140 1609

| rec_pilcos mc z

70

40
30
20

10 23

1 111 |||I||||||||||||||||||| 111 ]
01 0.8 060402 0 02 04 06 08 COSO




Energy
E1,E2 (E1>E2)

|rec_genergy1_mc_z |

NC w 0
NC w/o 10

120
o0l
8o
60l
“0f-

+

20

0

CCwrl

Cosmic

Dot : data

==

[rec_genergy2_mc_z|

0 50 100 150 200 250 300 350 400 450 500

Illl—l—lll—l—llllllll

MeV ’//)L/,/)"

0

™

_||‘|||||||\\||||||
% 50 100 150 200 250 300

350 400

eV

Gamma Kinematices

rec_opangle_mc_z

80

T0F

i TR AR PN RN AVENREN AVANENTN EUATET A
20 40 60 80 100 120 140 160

rec_opcos_mc_z

||||||||||||||| ||||||||||||||||||| III‘
04 .08 06 04 02 0 02 04 06 038

0

cosB



Y reconstruction performance using Extended Track

(1)

Energy Collection Efficiency Purity of y hits
Energy due to yin ETrack =  Energy due to yin ETrack
y energy loss in SB Energy in ETrack
| energy_effl_gmom | preray.ff gmom. | = |
2107 Entries 11416 energ_g_e _gmom
= Mean 0.8129 %10
0.12__ RMS 0.216 B
- 0.25 N energy_eff3_gmom_py
0.1_— i Entries 11416
i Mean 0.8628
0.08|- Mean = 0.2~ RMS  0.2245
[ 0.81 B
0.061 0.15~ Mean =
o ; 0.86
- 0.1
0.04 .
- 0.05
0.02[ -
_II IIIIIII|III|III|III|III|III
' ' | | % 02 04 06 08 1 12 1.4 1.6 1.8 2

[ | | L1l Ll 1 L1l III|III III|III Ll |
% 02 04 06 08 1 12 1.4 16 1.8 2 in Ttaly 25



Y reconstruction performance using Extended Track

(2)

y angular resolution (x 2D) 6 -6 ™*

reso_zx1 reso_zx1
—Xw-fr Entries 8437
Mean 0.0008
| RMS  19.25
25 }
20 H
| I Rus
151 h =19 degree
10F W‘ W\
51- Hﬂ iw
i L Hhm i w‘+
o'mumwﬁ#wwﬁ#hﬁﬂ T .
80 60 -40 -20 0 20 40 60 80

degree

y angular resolution (x 2D) eyzrec_eyztme

reso_zy1 reso_zy1
x10° Entries 8437
f b
20 ”
151 | RMS
| = 20 degree
10 w
| + H
0 MWMWW. Lol | ﬂ*ﬁ“ﬁmw&m

-80 -60 -40 -20

20 40 60 80
degree



Neutrino Flux at SciBooNE

neutrino mode

antineutrino mode

g -9
=10 =107E
O O =
S e r
= =
= =

10 | 10
Q10 Q10
o o
x x
= =
10" TR To il =

1072 10724

10" 107

10-140 I T 1| L 1 1 1 ; L 1 1 1 4 I I 5 10-140 1
Ev (GeV)
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For T2K experiment

sensitivity

13

sin’@

BG systematics

20 %
10 %
0 %

) T

A 4 £ .
Exposure/(22.5kt x 1yr)

Oscillation probability
P(vu->ve)

~Sin®20 sin’0
13 23
x sin(1.278m L(km)/E(GeV))

*Want to reduce
uncertainty in o(NCT1t)
from 20% to 10 %

* improvement of factor of 2 in
ultimate T2K sensitivity to 0,

e or 2.5 years vs. 4 years to 107
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Event Summary

Data
Generated
Pre-Selection EYYA
D rejection 0¥
[ rejection oYY
disconnection Yoy
Trk merge Ao

NOWOS in Italy, Sep,9.2008 29



	ページ 1
	ページ 2
	ページ 3
	ページ 4
	ページ 5
	ページ 6
	ページ 7
	ページ 8
	ページ 9
	ページ 10
	ページ 11
	ページ 12
	ページ 13
	ページ 14
	ページ 15
	ページ 16
	ページ 17
	ページ 18
	ページ 19
	ページ 20
	ページ 21
	ページ 22
	ページ 23
	ページ 24
	ページ 25
	ページ 26
	ページ 27
	ページ 28
	ページ 29

